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Analysis of Z b decays as heavy meson molecules
Shunsuke Ohkoda More recently, Belle reported the branching fractions of each channel in three-body decays from ϒ(5S) [6] , the results of which are summarized in Table. 
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Formalism
To start the discussion, we assume that the main components of Z b and Z b are molecular states of
. Such a simple molecular picture will give a good description, because those masses are close to the BB * (or B * B ) and B * B * thresholds, respectively, and the ratio of D-wave mixing is not large. In fact, the explicit calculations based on the hadronic model in our previous study indicate that the probability of the [4] . In the hadronic molecular picture, the diagrams contributing to the decay Z
→ ϒ(nS)π + are described with the intermediate B ( * ) andB ( * ) meson loops at lowest order [7] . Since B + and B 0 are interchangeable, the total transition amplitudes are given by the twice of the sum of each channel as follows, To calculate the transition amplitudes, we need the couplings from the effective Lagrangians. We adopt the phenomenological Lagrangians at vertices of Z ( ) b and B ( * ) mesons, which are For the other vertices, we employ the effective Lagrangians reflecting both heavy quark symmetry and chiral symmetry [8] , The couplings of B ( * ) mesons and a pion are determined from the observed decay width Γ = 96 keV for D * → Dπ. The couplings g B ( * ) B ( * ) ϒ(nS) are estimated on the assumption of vector meson dominance [9] . Using the effective Lagrangians, we derive the explicit transition amplitudes. We use the form factor F ( q 2 , k 2 ) to take into account the finite range of interactions as follows,
(2.5)
Results
We obtain the decay widths from the given amplitudes in Eqs. (2.1) and (2.2). As numerical inputs, all the masses are taken from the data of PDG [10] . The numerical procedure is as follows: we integrate the amplitudes with q 0 analytically and pick up poles in the propagators. Since the masses of Z ( ) b are located above the BB * (or B * B ) and B * B * thresholds, respectively, the integrals have singular points. To treat them properly, we divide the integrals into real and imaginary parts by using the principle value of the integral. In the end, it becomes possible to integrate with three-momentum q numerically. This method can be naturally applied to the calculations of the amplitudes with the form factor. To confirm our calculations, we also adopt another method by a formalism of the Passarino-Veltman one-loop integral. The numerical results for the decay widths are consistent between the two methods under the condition of the large limit of scale factors (Λ Z , Λ → ∞). Tables 2 and 3 5 . This is much inconsistent with the experimental fact, because the loop integrals without form factors include the high-momentum contributions which are not acceptable in the low energy hadron dynamics. In contrast, given the form factor, our calculations are qualitatively consistent with the experimental results: (i) the decay to ϒ(1S)π + is strongly suppressed, (ii) the decay to ϒ(2S)π + occurs with the highest probability and (iii) the branching fraction of the decay to ϒ(3S)π + is smaller than the one of ϒ(2S)π + but is still larger than the one of ϒ(1S)π + . We determine the cutoff parameters Λ Z = 1000 MeV and Λ = 600 MeV to reproduce the experimental values. To see the cutoff dependence, we change Λ Z as Λ Z = 1000, 1050, 1100 and 1150 MeV and verified that the results do not change much. The main reason for the suppression of the ϒ(1S)π + decay is in the form factor depending on the final state momentum k ( p ). In contrast, this effect is minor for ϒ(3S)π + decay due to the small final state momentum.
Summary
In summary, we have studied the Z 
